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Preface 
 
Dear Participants, 
 
Confronted with the ever-increasing complexity of technical processes and the growing demands on their 
efficiency, security and flexibility, the scientific world needs to establish new methods of engineering design and 
new methods of systems operation. The factors likely to affect the design of the smart systems of the future will 
doubtless include the following: 
• As computational costs decrease, it will be possible to apply more complex algorithms, even in real 
time. These algorithms will take into account system nonlinearities or provide online optimisation of the 
system’s performance. 
• New fields of application will be addressed. Interest is now being expressed, beyond that in “classical” 
technical systems and processes, in environmental systems or medical and bioengineering applications. 
• The boundaries between software and hardware design are being eroded. New design methods will 
include co-design of software and hardware and even of sensor and actuator components. 
• Automation will not only replace human operators but will assist, support and supervise humans so 
that their work is safe and even more effective. 
• Networked systems or swarms will be crucial, requiring improvement of the communication within 
them and study of how their behaviour can be made globally consistent. 
• The issues of security and safety, not only during the operation of systems but also in the course of 
their design, will continue to increase in importance. 
The title “Computer Science meets Automation”, borne by the 52nd International Scientific Colloquium (IWK) at 
the Technische Universität Ilmenau, Germany, expresses the desire of scientists and engineers to rise to these 
challenges, cooperating closely on innovative methods in the two disciplines of computer science and 
automation. 
The IWK has a long tradition going back as far as 1953. In the years before 1989, a major function of the 
colloquium was to bring together scientists from both sides of the Iron Curtain. Naturally, bonds were also 
deepened between the countries from the East. Today, the objective of the colloquium is still to bring 
researchers together. They come from the eastern and western member states of the European Union, and, 
indeed, from all over the world. All who wish to share their ideas on the points where “Computer Science meets 
Automation” are addressed by this colloquium at the Technische Universität Ilmenau. 
All the University’s Faculties have joined forces to ensure that nothing is left out. Control engineering, 
information science, cybernetics, communication technology and systems engineering – for all of these and their 
applications (ranging from biological systems to heavy engineering), the issues are being covered.  
Together with all the organizers I should like to thank you for your contributions to the conference, ensuring, as 
they do, a most interesting colloquium programme of an interdisciplinary nature. 
I am looking forward to an inspiring colloquium. It promises to be a fine platform for you to present your 
research, to address new concepts and to meet colleagues in Ilmenau. 
 
 
 
 
 
Professor Peter Scharff     Professor Christoph Ament  
Rector, TU Ilmenau             Head of Organisation 
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M. Lemmel / M. Schnatmeyer 
 
RFID-Technology in Warehouse Logistics 
 
Wireless technology becomes more important in logistics processes. Beside the usage 
of GPS or GSM technology for tracking and tracing of goods in the external logistics also 
internal logistics processes have a high demand on wireless technologies, which 
supports the quality, environmental and safety management. This paper resumes results 
from research projects, which have examined wireless technologies for positioning and 
identification of goods in warehouses. 
 
State-of-the-Art in Wireless Technologies  
Wireless technologies open the possibility for the seamless tracking and tracing of 
logistics process. For external logistics processes GPS and GSM technologies are in 
use for the position finding of logistics items. For internal logistics processes in a 
covered warehouse GPS is not available and GSM to imprecise for location goods on 
pallet level. 
Alternative technologies for in-door processes are for example optical (Infrared), DECT, 
WLAN or RFID. WLAN utilizes spread-spectrum technology based on radio waves to 
enable communication between devices in a limited area, also known as the basic 
service set. This gives users the mobility to move around within a broad coverage area 
and still be connected to the network1. Further the WLAN infrastructure enables 
determining the position of a user or item in this network. 
 
Radio-frequency identification 
Radio-frequency identification (RFID) is an automatic identification method such as 
barcode, relying on storing and remotely retrieving data using devices called RFID tags 
or transponders. An RFID tag is a device that can be attached to or incorporated into a 
product, animal, or person for the purpose of identification using radio waves. Chip-
based RFID tags contain silicon chips and antennas. It operates at standardised 
frequencies between 134 kHz (LF), 13,56 MHz (HF) up to 868 / 915 MHz (UHF) [1]. 
                                                 
1 http://en.wikipedia.org/wiki/Wireless_LAN (3/22/2007) 
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Figure 1: Principle of RFID 
 
Passive tags require no internal power source2. The antenna uses the radio field of an 
RFID reader for supplying the chip with energy. After the chip starts to operate, the 
transponder can exchange data with the reader (see Figure 1). Besides reading data, 
the reader can also write data on the transponder. 
A typical application for passive RFID systems is the gate solution (see Figure 2). 
Data
Energy
Data
Energy
Reader gate
Transponder
Application
Electromagnetic field
Antenna
Chip
 
Figure 2: Principle of reader gate 
 
In the centre of the gate it is possible to identify many tagged goods simultaneously. This 
type of configuration is often in use for retail and wholesale applications. Figure 3 shows 
a passive transponder which operates at 134 kHz. 
                                                 
2 http://en.wikipedia.org/wiki/Rfid (3/22/2007) 
transponder reade
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Figure 3: LF-Transponder (134 kHz) 
 
Active transponders have onboard power supply. They have the opportunity to transmit 
data without being electromagnetically activated. This is reasonable in RFID-S (-sensor) 
for sensorial supervision of temperature or humidity etc. 
For certain applications RFID has significant advantages against ordinary barcode. 
Some examples are: 
• complicated optical detection, e. g. in refrigerated warehouse 
• detection of piles, e. g. pallet full packed with different goods (see Figure 2) 
• secondary data to be stored on tag, e. g. classification of hazardous goods 
• sensorial supervision, e. g. temperature, humidity etc. 
• high rate of circulation, e. g. tag integrated into deposit pallet 
As the well known systems for positioning like GPS or GSM are just suitable for outdoor 
purposes, other systems have to be considered for in-house use. Nowadays many 
factories and warehouses facilities are already equipped with WLAN for data 
transmission. This existing infrastructure can also be used for position purposes. These 
in-house positioning systems, such as ekahau3 base on triangulation between a couple 
of access points and enables positioning on a cheap way. WLAN based positioning 
systems have also been evaluated within several research projects for in-house 
applications with the following disadvantages as results: 
• The accuracy of ca. 3 m is insufficient for positioning goods in sizes of a euro-
pellet or less. 
• Due to the complex algorithms for processing the position the system is not 
suitable for real-time applications. 
• The performance of the system is varying with the signal quality of the WLAN 
access, which can be alloyed by certain goods such as metal und fluids. 
Therefore a new method for in-house positioning based on RFID has been implemented 
within a couple of actual research activities. 
 
                                                 
3 http://www.ekahau.com 
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RFID Positioning 
Figure 4 describes a RFID positioning system, which was developed and used within the 
research project OPAK (Optimized PAcKing logistics in the life cycle economy) funded  
by the German ministry of education and research (BMBF). The project was focussing 
on the optimisation of the redistribution of plastic materials for recycling processes. Main 
goal was to improve logistic processes and optimise available technological 
infrastructures through RFID technology.4 
W-LAN
Display
RFID-Antenna
Sensor
RFID-Antenna
RFID-Transponder  
Figure 4: RFID positioning system [2] 
 
For identification one RFID antenna is placed above the fork. This is responsible for 
reading information from the handled good or its pallet. A second RFID antenna is 
attached beneath the fork lift. This antenna reads the geographic data coming from the 
RFID transponder embedded into the warehouse ground. 
Two additional ultrasonic sensors are installed at the front of the forklift: One sensor 
detects picked products on the fork. A second sensor measures the distance between 
fork and ground for calculating the storage level. This functionality is necessary for block 
and rack storage applications. 
Combined with WLAN access, data collected from the cargo and the warehouse ground 
can be transmitted to a central WMS (Warehouse Management System) which traces 
the material movements and placement in the warehouse (or production plant) and 
provides the driver of the forklift with new transport orders after finishing the actual job. 
                                                 
4 http://www.biba.uni-bremen.de/projects/opak/Opak_homepage.htm 
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Figure 5: OPAK demonstrator overview 
 
In addition this system can also be used to provide the fork lift driver with additional 
information, e.g. about dangerous materials, which have to be handled with care. As an 
example Figure 6 shows the user interface of the touch screen display. If the system 
identifies dangerous goods the traffic light will change from green to yellow (semi 
dangerous goods) or red (high dangerous goods). 
This semi automated system is optimised for SMEs [3]. High investments in full 
automated systems seem to be inefficient at this type of industry because the logistic 
process can not be standardised. 
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Figure 6: Display of the fork lift terminal [4] 
 
Conclusion 
The usage of RFID technology instead of barcode systems is depending on the specific 
application scenario. For in-house positioning the described RFID system is an attractive 
opportunity with sufficient accuracy at real time. 
For identification purposes it is nowadays difficult to apply existing RFID systems to a 
whole process chain regarding to missing standards. 
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